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This research aims to develop an advanced data assimilation system using an
ensemble Kalman filter, in order to reproduce the distribution of chemical constituents
in the atmosphere. In the data assimilation system, meteorological observations and
chemical observations were assimilated into a general circulation model and a
chemical transport model, respectively. The performance of the data assimilation
system was evaluated with ideal and real observations, and a sufficient framework for
chemical constituent reanalysis was obtained from this research.

SR
(@A : 1)
ERERTR BT &t
2007 - 1, 300, 000 0 1, 300, 000
2008 4 700, 000 210, 000 910, 000
2009 4 600, 000 180, 000 780, 000
w o Fr 2,600, 000 390, 000 2,990, 000

RIS« BRI
RO SR - L H « HBR R -

F—U— K

K% - MR - Bk

AV, T2, RIS, (LT TV, R ERRSY

Brint . EICANLERYEOHEHIZER L7
REAEEH) & DRE~D BN R I
TW5, Fro, 7 oo ibiRFEre PR
MREEDOZFEEZH LN T 25 2 &3k

1. WHFERHAG E W DO 5

T, KREERL Sy OB T — 2 g KIC
BHEINOOBHD, TNOT —F 2Tk



M- SMICEERMETH D, L LR
5. N6 OEMIT — % OER L OVEITEKIR
ELTHaTIEZR L AR i E s L
T RKEEB OO X L 72> T D, G
7R 2 S b FmEE T VLB SN
TWAN, BEMEICIKIAR L LD
BdbH, ZOLHRBUROFR, 7 —&FEMbE:
WaEHWWCTEHRT — % EEEET VERE
L RGBSy DR ZE /) i & L9 5 v
AT LAORBENEEN TV D,

WRFEREE L, REPEERL 7 O BT & A
T DB 0T T M B & LT, RS
At & [/ C 3 ot bk £ 7 L & KREAK
EERET V& O TZERNT > 2T L O
ICE WA TE -, 2O A7 AT, fiifE
T — XML TFIEIC L D KR KREERET L
\CRBURNTT — 2 kT 5, Flo, AV v
EROHEBHT — X 2#E 2 FEICLY
(b5 T /L LAY 454 O FHEL
BRIz, LU S, HRDOZ L OFfE
Mo 27 b LRGSR Tk e ©
D RZIE R O BRI E LT
MEN DD, EERT — % ULz K585
BLOKRGIRER D OFFHTIEA L, EFEE
72 KRB E Ry DR~ AT D5
HIENEEND,

2. OB

(1) EnKF &ftsknr v o 7FiEIC &
LD REZINT & el U, KRG RHETIEOE
UME K D IE RS Ok iR AL RS EHR
OB LT 5, EnKF Tldijiiuic
Kl LT R e T 5 2 & T, K&
AT OfaE R AL P ROGEH R 2 g L
AER 3 W It/LF LT TV DREE AR
52 EnHIETCE 5, EnKF # W T5EEE
TIVIERIZ X DRRNTREE 2 MGl L. ek /e

KRB 5y D FFRAT 2 FE i3 D 72 D i
1 72 KKGAT FE 2 L3 5,

(2) EnKF #4238k 3 koo bfimitt 5 v
WZEA L, RRMER D OT7 —Z by AT
LEHERT D, LIV AT A TREET
NWEARE LT=AY v DOREERZ EiE L. K
SRR OT — Ak EnKF Z {7
LHEMEERGET 5, I HIZ, BT AT A
YIalb—va rFEER (OSSE) %% L,
b BEEAL SR O AT RS B LT i S
Ry NT—7 OB LT D, FEil
W — % % RAni=4 Y o oRMEERIZ S B
DA, FRNTREEE Z MRS D, /A 7 AHHIE
DA EZB L TV AT LOEEEE
X0, EHR KGR O T AT
LEHET L LR A ET 5,

3. DTk

(1) KREEEULY AT AOREEE X O
A,

EnKF % FWCREROEMNIE 2 KK KGR
EFICEUET DV AT LE2RERET 5, Z0
VAT ATEHB L H 2 ORGSR IT2
BR 3 Rt b s T 7 VIS LKA &
oy Ok AL RICHI T 5, TR
WO BATHNIOVERRA T HIR 7 4 V4 %
A LTHOT % TIABEID ST O T
YT NABBNEAERT D, BT VRREDNR
W ERE LI EE T L D E A £
U BRI B ERERR 21772 0 L Iklc, v AT
LD FECGHEILIZEY fTe, F7o, RGBT
IO R &2 EAN LitH 2 A h 289 5,
KU AT LOFIWEERGET 5729, EnkF 15
K OERDF v ¥ v TR K D KRS
e L, KREGFEIETEOE W L 5 KA
FRR DB IR & R B O BN~ DR
B2 ST D,

(2) KREMER T FEUE Y AT DOREEE : 58
T VFER

EnKF % %HitkE O 5 Ef 72 b s & & e
AL F LT A L, KEMER S D
by AT DEHEET 5, HERLICV AT A
1T (1) Tii{bzEFEEZRERGRIEY 2
TALEREET D, BETTIMICELDAY D
F— X [ EEBRE L L, A v O
BLOBE LR~ E R T D,

BLSE 0 FELHINE RS KO 2o @ e 72
SRS U= B S AT L F25k 2 320 L, B
ZENC ) — I 2B T — #2721 Tid e <
SRR BREZE R 0 R RE N B 72 B 7 — & 3
FENTRE S\ RE T B E AL, by 27
LIRS 210 B35 7200 KB ER
MO R 2B BIZ DN THEET D,

(3) SABERE ALY AT DOREEE
BT — & 2 - EE5R

SRRy DR Y AT DI TR T
— X WA L. iR L O EERE IR
VB A b B LR O AT R B A ARGIE
T 5, BEOET NIV NS T AT A
DMFIE LRRZEDARIZ B Y Db 25 REMED
B < ZNSILEnKF Ot E EAL S E 5,
FENTRSEE IS RIEDN B DE1TIE, N T A%l
1E &3 U CHTRSE o B2 XY | KREAE
IEENIFGE D T2 8D D FE I 72 KR 2k 4[]
b AT D E MRS D,

4. WFFER



CO2 rms error [ppm]

(1) EEHEYEDTZDORKSGT — & [F
&

KEIG O FRMT RS FE 1 382k AL 2 OGN FH R &
M U T KRR Ry OB BT 5, it
KDL OB DT — % Eby AT A
TIL., BBURITT — 212 X W {bFlake T L
FHEBEHE L WD, ZOVATLATIE, &
BURNT OWFZER S RREOM S & 7 A4 ¥ —72
S IELE 23 38 FE 72 SR 1B Sy B A R < A Lk gt
BRSEICEA L TN, Yy U U FRE
2 k0 BEURAT 2 KK KGR T T VICEIE
L7zv AT A CIEbiREEE IS ET S
D, ETIEEICENT 24 B REKIEERY
PO EE 5, [RMLZEEL - SR FnIEH 2 b
THZ LT v VUV FETH RKE O
Wre & 2R B4 5 2 LIXATRESS S, 5
OB IEAVE 2 FERITIRIE T D SRS
RN 2 VBT D ITIEE S, AFZET
1, KRS RS O FAENTICIAT T EnkF %
IEFG ORI 5T REBGICHEA L, £ 0%
REFEL T,

C0O2 RMSE (ppm) at 700 hPa

W 055

NUDGING
Free-run

0.13
0.1

0.05

0
11DEC 16DEC 21DEC 26DEC  1JAN 6JAN 11JAN 16JAN 21JAN 26JAN
2003 2004

M1 : K& b L—H— (CEfbiRE) BE
DOfENTRAZE ¥ T FAE) ORRIRE, K
RGO T — X AL EITDR WERE R F
BT, Ty I kAR RES E AV
FEBR S A R C L EnKF 12 X A b RS S %
F T RS 2 AR TR T,

EnKF Z3#H L7 KRKREEBRET L& AW
THRNEBEEGEOD DML 2 L8 %2 &t
Hx ORZGEFERTHZ LT, KAMERY
B L O R & B LR A O FF
HHERm ETH2ZEEHLMNILIZX),
KA DkE %8 LT 3 R b ks
ETIVOREEZRET D 2 &I ERK D
FRMT D ERE EACIZII R 7272 ARFFE
e IR VRN &N R CIK A AN
DOMRE 2L A ERET D LOTH D,

(2) REMpDT—# Rk

SEAEET NV EFEBRT — % % H\ - EnkF
WX DAY Ui ERRIGRME DT — X IA]
{50k 2 Ikt L. fRAT EORIBES & AT A
DHIMEZFIE L=,

R KON TR BB IR T oA Y v
& B L PR O MM RS E DRRGEZ 1T o 72 &
A, FRHTRERICKT L CET AN, T ADR
BNRANTH o712, AT AMEHT &
MALZONBEEREE LT, A T AMIER
WEEANTDHILE TETILAALT A EEH
WCHEE LIRSS 2 0BT & 5 2 & 2
L7, BT, b AT L R OMbHEET
N DIRT A — ZREEITKT By HE R R
K ORPHE THEICE T DR 21TV, &
ELTCRAICEET B EMELY AT A& 5
Lz, —FH. YV U HBEFOBRIECMZ T,
(b FE 2 U CEEd 5 IR - BE b5
FE~OFELIRGE LT, 26 O fHAI
X0 KRKELEEHZED 7= DD FEFAR 2 KA
PR AL & AT DO A Z REFE L 7=,

W, REBERS OT —ZFHLY AT A
Z N7z OSSE 2% L, K&y5%: (FITTF
ERIEE A v Bt g) O FEEERIZ AT T
ZhRM 22 BUEIZ BT 5 B A 1TV, LLTO
HEAH ST LT,

O ®HT7T TN G BRICET 2E O
EAV oo EML DL, A B
DAz, NOX, HNO3, CO, PAN OELHIE %15
HIENREETHL(X2), KT U7 OEF
Wi, 22— T o7 KRS & g LT, 0D
BHIBROBEENLIVELI DLV o2

HIR 22 R b R b Tz,

104

9.9 A

9.4 +

89

84 =

79 +

7.4 + R
BEBroumassnnannannennanege

6.9 - AR R S R EF R R R L LTS L R -

R R R R R e e R R R = =1

iaananngs inannan,>°
6.4 AEEE

ITTOECTHFTNLNA>MZT VRS OETO W

O00TFO0YOS=ZBFO0LIQIFay

0050020C0ZgE0odBZInTE

oeouneER CZ20¥RCUCIaz U

OLUTIQoT I S T T

o< N T o ©

5= e o

B2 W7 T RA Y REHEE IS
5T —Z RIS & D SER %], 8BRD
L OBRIEHREZ 7 —# FEMLICFIA L7z
TR AT,

@ BRBNIZE Y VEBHIT — & BN EIEL
RWEAITIE, NOX 72 EREG A R O E
KR o iR B DR A DOIF R AL




RENTHIE HE D ATREMEDR &5,

@ HHEMEETIE, &Y B emiE

BT D Z D TEHETH T2, 4V
BT — 2 OERESIRREDS dkm A EIZ72 D

N

H HXHRE T O A At E R K & <

FMT %,

5.
(BfF

E AR R RS
FEAREAE . WFZE A M ONERET TR

=Y

(M

)

ShaA ]
AL A

G 8 )

Miyazaki, K., S. Watanabe, Y. Kawatani, Y.
Tomikawa, M. Takahashi, and K. Sato,
Transport and mixing in the extratropical
tropopause region in a high vertical
resolution GCM. Part I: Potential vorticity
and heat budget analysis, Journal of the
Atmospheric Sciences, in press. & A
Miyazaki, K., K. Sato, S. Watanabe, Y.
Tomikawa, Y. Kawatani, and M. Takahashi,
Transport and mixing in the extratropical
tropopause region in a high vertical
resolution GCM. Part |II: Relative
importance of large-scale and small-scale
dynamics, Journal of the Atmospheric
Sciences, in press. A @A

Miyazaki, K., and T. Iwasaki, Isentropic
diffusion coefficient derived from chemical
constituent data, Scientific Online Letters
on the Atmosphere, Vol. 5, 009-012,
doi:10.2151/s0la.2009-003. 2t
Mivyazaki, K., Performance of a local
ensemble transform Kalman filter for the
analysis of atmospheric circulation and
distribution of long-lived tracers under
idealized conditions, Journal of Geophysical
Research, 114, D19304,
doi:10.1029/2009JD011892. it
Mivyazaki, K., T. Machida, PK. Patra, T.
Iwasaki, Y. Sawa, H. Matsueda, and T.
Nakazawa, Formation mechanisms of
latitudinal CO2 gradient in the upper
troposphere over the subtropics and tropics,
Journal of Geophysical Research, 114,
D03306, doi:10.1029/2008JD010545. i
l

Mivyazaki, K., and T. lwasaki, The gradient
genesis of stratospheric trace species in the
subtropics and around the polar vortex,
Journal of the Atmospheric Sciences, 65,
490-508, 2008. 7t

Mivyazaki, K., P. K. Patra, M. Takigawa, T.
Iwasaki, and T. Nakazawa, Global-scale

(%

)

transport of carbon dioxide in the
troposphere, Journal of  Geophysical
Research, 113, D15301,

doi:10.1029/2007JD009557. £ Hi
Miyazaki, K., and T. Iwasaki, On the
analysis of mean vertical velocities around
the Antarctic polar vortex, Journal of the
Atmospheric Sciences, 65, 3989-4003,
2008. A FiA

=K Gt 15 1)

Miyazaki, K., S. Watanabe, Y. Kawatani, Y.
Tomikawa, M. Takahashi, and K. Sat,
Transport and mixing in the extratropical
tropopause region in a high vertical
resolution GCM, IGAC-SPARC Joint
Workshop, Kyoto, Japan, October 25, 2009
Miyazaki, K., S. Watanabe, Y. Kawatani, Y.
Tomikawa, M. Takahashi, and K. Sat,
Transport and mixing in the extratropical
tropopause region in a high vertical
resolution GCM, The Extra-tropical UTLS:
observations, concepts and future directions,
Boulder, USA, 21 October, 2009

Iwasaki, T., H. Hamada, and K. Miyazaki,
Comparisons of  Brewer Dobson
Circulations Diagnosed from Reanalyses,
The 5TH WMO Symposium on Data

Assimilation, Melbourne, Australia, 5
October, 2009

Miyazaki, K., Performance of a local
ensemble transform Kalman filter data

assimilation system for the analysis of the
atmospheric circulation and the distribution
of long-lived tracers, The 5TH WMO
Symposium  on  Data  Assimilation,
Melbourne, Australia, 8 October, 2009
Mivyazaki, K., Performance of
ensemble transform Kalman filter data
assimilation system on analysis of
long-lived tracer distributions in the
troposphere and stratosphere, MOCA-09:
IAMAS - IAPSO - IACS 2009 Joint
Assembly, Montreal, Canada, 22 July, 2009
Mivyazaki, K., and K. Sudo, Development of
a chemical data assimilation system using a
local ensemble transformed Kalman filter: A
perfect model experiment,
WWRP/THORPEX  WORKSHOP  on
4D-VAR and ENSEMBLE KALMAN
FILTER INTER-COMPARISONS, Buenos
Aires, Argentina, 11 November 2008.

Mivyazaki, K., S. Watanabe, Y. Tomikawa, Y.
Kawatani, M. Takahashi, K. Sato, Analysis
of extratropical UTLS structure using a high
vertical resolution GCM, SPARC 4th

local



General Assembly, Bologna, Italy, 2
September 2008.

Miyazaki, K., and T. Iwasaki, Analysis of
mean downward velocity around the
Antarctic polar vortex, SPARC 4th General
Assembly, Bologna, Italy, 2 September
2008.

Miyazaki, K., and K. Sudo, Development of
a  chemistry-climate  coupling  data
assimilation system using a local ensemble
transformed Kalman filter, Quadrennial
Ozone Symposium 2008, Tromso, Norway,
2 July 2008.

Miyazaki, K., and T. Iwasaki, Global
transport and life cycle of ozone in the
stratosphere, SMILES International
Workshop 2008, Kyoto, Japan, 19 March
2008.

Iwasaki, T., H, Hamada, and K. Miyazaki,
Comparisons of Brewer-Dobson
Circulations, Third WCRP International
Conference on Reanalysis, Tokyo, Japan, 31
January 2008.

Miyazaki, K., and K. Sudo, Development of
a chemical data assimilation system using a
local ensemble transformed Kalman filter,
Third WCRP International Conference on
Reanalysis, Tokyo, Japan, 31 January 2008.
Miyazaki, K., and T. lwasaki, The gradient
genesis of the stratospheric trace species in
the subtropics and around the polar vortex,
AMS  14th  Conference on Middle
Atmosphere, Portland, Oregon, USA, 21
August 2007.

Mivyazaki, K., and Patra, K. Prabir, M,
Takigawa, and T, Nakazawa, Transport
analysis of tropospheric carbon dioxide,
European Geosciences Union  General
Assembly 2007, Vienna, Austria, 19 April
2007.

Miyazaki, K., and T. lwasaki, The gradient
genesis of the stratospheric trace species in
the subtropics and around the polar vortex,
European Geosciences Union General
Assembly 2007, Vienna, Austria, 19 April
2007.

(F Dfth)

F—

PN

http://www. jamstec. go. jp/res/ress/kmiya
zaki/

6. MFTCHLRE
() IrgefkEs

il Ffn=E (MIYAZAKT KAZUYUKI)
TRSEATBOE NI T BR S SAE - HERER B

IRENEEL - RA b 27 b T UAIEE
WFgeEds 5« 30435838



